In vivo reprogramming for heart regeneration: A glance at efficiency, environmental impacts, challenges and future directions.
Replacing dying or diseased cells of a tissue with new ones that are converted from patient's own cells is an attractive strategy in regenerative medicine. In vivo reprogramming is a novel strategy that can circumvent the hurdles of autologous/allogeneic cell injection therapies. Interestingly, studies have demonstrated that direct injection of cardiac transcription factors or specific miRNAs into the infarct border zone of murine hearts following myocardial infarction converts resident cardiac fibroblasts into functional cardiomyocytes. Moreover, in vivo cardiac reprogramming not only drives cardiac tissue regeneration, but also improves cardiac function and survival rate after myocardial infarction. Thanks to the influence of cardiac microenvironment and the same developmental origin, cardiac fibroblasts seem to be more amenable to reprogramming toward cardiomyocyte fate than other cell sources (e.g. skin fibroblasts). Thus, reprogramming of cardiac fibroblasts to functional induced cardiomyocytes in the cardiac environment holds great promises for induced regeneration and potential clinical purposes. Application of small molecules in future studies may represent a major advancement in this arena and pharmacological reprogramming would convey reprogramming technology to the translational medicine paradigm. This study reviews accomplishments in the field of in vitro and in vivo mouse cardiac reprogramming and then deals with strategies for the enhancement of the efficiency and quality of the process. Furthermore, it discusses challenges ahead and provides suggestions for future research. Human cardiac reprogramming is also addressed as a foundation for possible application of in vivo cardiac reprogramming for human heart regeneration in the future.